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(57) The powder coating of the present invention 
was used lor a method lor forming coatings comprising 

?»-».-» /- f jr.j-, ,-. ,-.-f J". L n. i y ,f»»*,v-i --.f-Y>-.j-. ry. t.-> 

adhesive layer previously formed on the surface of a 


material to be coated, and then heating it, thereby form- 
ing a coating, comprising a resin particle containing a 


agent. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a powder coating used in a method for forming a coaling on the surface of 
materials used in various fields, in particular, an insulating material, a material having low heat-resistance and to a 
method for forming a coating using the same.. 

[0002] This application is based on patent application No. Hei 09-251403 filed in Japan, the content of which is 
incorporated herein by reference. 
10 [0003] In recent years, it is well known that a powder coating containing no organic solvents exerts very few bad 
influences over persons, and the global environments; therefore : it is extremely beneficial. Therefore, use of a powder 
coating in various fields in which a solvent coating is employed has been suggested. 

[0004] An ordinany thenmosetting powder coating comprises a therTOsettrng resin and a curing -agent. A coatfng is 
formed by makingthe thermosetting powder coatings adhere to the surface of a material to be coated, and then healing 

15 it. 

fSOQS] SpecrficaHy, -the coating ^methods for *naking the •thermosetting powder coatings adhere to the surface of a 
material to be coated which is ordinarily empbyed are as follows: 

1 . Flow Dip Coating 

20 

A material to be coated which is heated above the melting point of the powder coatings (usually approximately 
■300*0 •) is -made pass through a bath in which the powder -coating particles flow by the force of an -air flowing 
ou! from a madreporite. Thereby the powder coating particles instantaneously melt by heat radiated from the 
material to be coated, and adhere on the surface of the material. 

25 

2. Electrostatic F tow Dip Coating 

A material to be coated fitted with a ground wire and passed through a bath in which the powder coating 
particles charged by the force of an air flowing out from a madreporite, and thereby, the powder coating particles 
30 . are made to adhere to the surface of the material to be coated by electrical adhesbn. 

3. Electrostatic Spray Coating 

Powder coating particles are charged inside a spray gun or an overhanging portion thereof, and are sprayed 
35 onto a material to be coated which is fitted with a ground wire, and thereby the powder coating particles adhere 

the surface of the material to be coated by the electrical adhesion. 

[0006] A cured coating is obtained by making the powder coating adhere to the surface of the material to be coated 
by these coating methods; heating is carried out in a range of 1 40 to 200° C for 20 to 60 minutes, and thereby cross linking 
40 a thermosetting resin and a curing agent comprising the powder coatings. 

[0007] However, the powder coatings adhere to the surface of the material to be coated by an adhesbn or an electric 
adhesion of the melted powder coatings in these coating methods; therefore, these coating methods cannot be utilized 
for the materials haying taw heat resistance, and the insutatin g materials. 

[0008] The thermosetting powder coatings used in these coating methods are produced by dry blending a thermo- 
45 setting resin, a curing agent, and if necessary, an additive, melting and kneading at the temperature more than the 
■flow^softenir^^oim-of the fien^fet^.g^sin^co^ing: and then crushing. 

[0009] A latent curing agent which is stable at room temperature and can crosslink with a thermosetting resin at 
approximately 140 to 200°C, such as.dicyandiamide, imidazolines, hydrazines, blocked isocyanates, acid anhydrides, 
and dibasic acids is used for the •conventional powder coatings produced t>y the above formation -methods 
50 [0010] When the powder coatings are produced using a curing agent quickly are cured with a thermosetting resin at 
low temperature, for example, 120°C or less in the above coaling methods, a Crosslin king reaction, that is, a curing 
■•feactiG^cccurs dunng the^^ 

at the shaft Then, materials for powder coatings are slightly stirred by the kneader and the viscosity of the kneaded 
materials becomes large because ot the crosslinking. As a result, the amount discharged is small, and the productivity 
55 thereof be^mes tow, Moreover, the •ot^rrced terfeaded frtaterials -are p(>lyfr*eri zed by the ci^s^.ink'rng reaction , so the 
hardness thereof is high; therefore, a crushing efficiency thereof becomes low. Therefore, when the powder coatings 
curing at low temperature are produced in the conventional manufacturing methods, the productivity thereof is low 
The powder ••coatings -curing at 'low temperature produced in 'the^conveniiona'l ^manufacturing ^methods are ^unsuitable 
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tor industrial large-scale production. Moreover, the obtained powder coatings are polymerized by the crosslinking re- 
action during kneading, so the fiow-softening point thereof is high; therefore, flowing properties during melting step are 
bad. As a result, a problem, such as the surface of the coating after heating being uneven, arises. In addition, the pot 
We of the obtained powder coatings is short, the cfosslinking reaction between a thermosetting resin and a curing agent 

5 is proceeded at 25°C or less; therefore, the problem arises thai storage properties thereof is worse arises. 

[0011] Therefore, a curing agent which has high reactivity, and is cured at low temperature cannot be used with the 
■meTmoBBtting powdei coatings obtained by tbe atfwe ma^DfactuTingTTiBtl r iDds. in "general, a latent ctrring agent which 
can be crossiinked with a thermosetting resin at 140 to 200 C C is used to the thermosetting powder coatings obtained 
by the above manufacturing methods. Consequently when a coating has to be formed by rapidly curing the powder 

to coatings at 1 20 D C or less on the surface of the material to be coated comprising of a plastic or a raw material having 
a low heat resistance, such as electronic components, and electrical components, it is difficult to use a thermosetting 
powder coating. 

[0012] As described above, the formation of a coating on the materials to be coated comprises of a plastic; an elec- 
tronic component, an electrical component; an insulated raw material such as a glass, or a raw material having a low 
15 heat resistance, using powder coatings, has problems cmcemws costing, producing the oowder coatings, and tow 
storage properties of powder. When a coating is formed on these materials to be coated, a solvent spray coating using 
a solvent coating comprising a resin, a curing agent, an additive, and an organic solvent is employed. 

SUMMARY OF THE INVENTION 

20 

[0013] It is therefore an object of the present invention, to provide a powder coating which can solve these problems, 
that is, to provide a powder coating which is suitable for forming a coaling on the surface of an insulating material, a 
raw material having a low heat-resistance , etc. which were coated by a solvent spray coating, and a method for forming 
a coating using the same. 

25 [0014] According to one aspect of the present invention, there is provided a powder coating used for a method for 
forming a coatings comprising the steps of making the powder coating adhere to an adhesive layer previously lormed 
on the surface of a material to be coated, and then heating : arri thereby $©m?rnga coating, comprising a , resrn oartide 
containing a thermosetting resin, and a particle comprising a curing agent. 

[0015] According to another aspect of the present invention, there is provided a method for forming a coating com- 
■30 prising thesteps of making -foe powder coating comprising resin --particles cont arrrng thermosetting resin §nd particles 
containing a curing agent adhere to an adhesive layer previously formed on the surface o1 a material to be coated, and 
heating it. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0016] Figure 1 shows one example of a coating forming device used to a method for forming a coating of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

40 

[0017] The embodiments of a powder coating and a formation method for a coating using the same of the present 
^invention wHI toe ^explained. However, the present invention is not limited to the following embodiments. 
[0018] The formation method of a coating using the powder coating of the present invention will be explained. 
[001 9] The present inventors found that the powder coating particles will uniformly adhere to the surface of an insu- 
45 latin g mate rial by -previousty forming an adhesive layer on the su rf ace of the -insulating materia i . 

[0020] The adhesive layer can be formed by coating an adhesive on the surface of the material to be coated. When 
the material is comprised of plastics, the adhesive layer can also be formed by melting or swelling the surface of the 
=mate rial -using -an organic solvent. 

[0021] The adhesives are preferred which have a good compatibility to the melted powder coatings when they are 
so heated, and srnultaneously have an adhesiveness to the materials to be coated. When the adhesives comprise a 
thermosetting resin havmga functional group, it is suitable to add proper quantity of a cunng ageni -having a functional 
group which can crosslink with the former the functional group. 

[0022] Examples of the adhesive include not only typical resins in a non-cured liquid state or a semi-cured liquid 
:state-of epoxy -resin, -acrylic resins, -polyester resins, ^phenol -resins, fcut -also ••amines, -ethers, glycols : tars and mono- 
55 mers : oligomers, or polymers of styrene, acryl, phenol, and isocyanate which are in a liquid state or a semMiquid state. 
In particular, amines, amides, imidazoles, isocyanates, etc. which can crosslink at 120°C or less with a curing agent 
comprising of a powder coating; adhesives containing a w^Mqiown curing agent in -a liquid state commonly used in « 
solvent painting; epoxy resins, acrylic resins, etc. which can crosslink at 120 e C or less with a curing agent comprised 
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of a powder coating; adhesives containing a well-known thermosetting resin in a liquid state which are commonly used 
in a solvent painting; epoxy resins, acrylic resins, and polyester resins which can crosslink at "120*0 or less; adhesives 
containing a well-known thermosetting resin in a liquid state which is commonly used in a solvent painting and a well- 
known curing agent in a liquid or solid state such as amines, amides, imidazoles, isooyanaies; eta. These adhesives 

5 can sufficiently crosslink at lower temperatures, can produce a cured coating having excellent mechanical strength, 
and have good adhesiveness to a material to be coated; therefore, these adhesives are more preferable. 
f0023] Moreover, if "nece-ssaTy, additives may be added to the adhesive. Examples of additives include, a coupling 
agent such as siiane coupling; a foam inhibitor such as benzoin; a piasticizer such as acrylic oligomer; a pigment such 
as titanium oxide, carbon black, iron oxide, copper phthalocyanine, azo pigments, condensed polycyclic pigments; a 

to metal powder such as aluminum powder, copper powder: a thickener such as silica, alumina; an antioxidant; a pre- 
servative: an antimicrobial agent; an accelerating agent; an active diluent; etc.. 

{•0024] ^eadhesivelayercan be -formed on the:surfaceof a material to be coated using above adhesives by dipping 
the materia! into the adhesive, spraying the adhesive on to the material or coating the adhesive using a brush or a 
roller on the material. In lorming the adhesive layer, when the viscosity of the adhesive used is high, if necessary, the 
1S adh eswe-Gan^e-'ditated =usjng ordinary dti&etf. or industrial -ciearang -agente -such --as ethers, ^fcohote^ -ketones, aromatic 
compounds, etc.. Cleaning the surface of the material to be coated and forming the adhesive layer are simultaneously 
proceeded by using a diluent or a cleaning agent having a high detergency. Therefore, it is preferable to use a diluent 
or -a gleaning age nt havin g a -hjgh dete rgency. 

[0025]' After forming the adhesive layer on the surface of the materia) to be coated in the above manner, the powder 
20 coatings comprising resin particles containing a thermosetting resin, and particles containing a curing agent are made 

adh e re to the obtained aotfesive layer, 

[0026] Examples of the method for making the powder coatings adhere to the adhesive layer on the surface of the 
material to be coated include 

■[0027] 1 .-spraying the -powder particles to the surface of the material to be coated using a spray gun, 
25 [0028] 2. passing the material to be coated through a bath in which the powder coatings flow by the force of flowing 
air gushing out of a madreporite, and 

[0029] 3. pressure fitting or pressure •©^tactfng the powder coatings to the adhesive layer using the tmoact force of 
a vibration. 

[0030] According to the methods of the items 1 and 2, the powder coatings adhere to the adhesive layer on the 
- 30 ^suirfaee of the ^materia! to be coated ^sing -a transporter -air or a flowing air When -the ^eternal force opined from the 
air is insufficient, it is difficult to pressure fit or pressure contact the powder coatings to the adhesive layer, and therefore 
a only single layer comprising the powder coatings is formed on the surface of the adhesive layer. While a uniform 

coating can be pbfewned, -it is djfiicutt to obtain thM«mtings. a 

[0031] The method lor forming a coating disclosed in Japanese Patent Application, First Application No. Hei 5-3021 76 
35 invented by the present inventors can be given as the method for the above item 3. Referring to Figure 1 , one method 
of forming a -coating according -to -the itern -3 -wiW be -simply explained. 

[0032] Moreover, the adhesive iayer formed at the surface of the material to be coated will do as so long as the 
powder coatings can adhere thereto. Therefore, the conditions of the surface of the adhesive layer may be adhesive 
or sticky or not. 

40 [0033] In Figure 1, reference symbol 1 denotes a container made of a hard material such as hard synthetic resin, 
metal, etc., and an opening portion la is formed at upper portion thereof. A ring-shape space id is formed around a 
cylindrical -portion 1c by expanding the -center -portion -of a -bottom lb approximately -to -the level of -Ibeopemng porton 
1a, thereby forming the cylindrical portion 1c. 

[0034] Relerence symbol 2 denotes an agitator equipped with a diaphragm 2b supported by several coil springs 2a 
45 arranged on a base 3 A motor 2c -i s suspended at the center bottom of th e diaprwagm 2b A weight 2d is eccentrically 
provided on an output shaft 2c 1 of the motor 2c extending down. A vertical axel 2e is provided on the center bottom of 
the diaphragm 2b. Moreover, the upper portion of the cylindrical portion 1c of the container 1 is provided on the upper 
;end-of She w£rcatatis <0? Tt>e eccentric weight -2d ^roi^edbyrollfngth^motor 2c. Thereby, *be container 1 .is vibrated 
via the vertical axis 2e provided on the diaphragm 2b; 
so [0035] An impact medium (means for mediating a coating formation) in a particle shape comprising a rubber a 
synthetic resin, or a ceramics, the flowing powder coalings, the material W to be coated formed the adhesive layer 
and if necessary, a mixture M comprising a pigment, a piasticizer, and a foam inhibitor are put into the container 1 . 
When the agitator 2 is driven, the particles comprising the powder coatings (called 'coating particles" hereinbetow) 
^adhere to Jhe^adhesive layer formed -on the ^material W via the media for forming a coating These adherrng ■coatrig 
55 particles are struck by the media, and firmly attach lo or are absorbed into the adhesive layer, and thereby a coating 
particle layer is formed. When these adhering particles are repeatedly struck by the media, the adhesive is exuded out 
from, the surfac^ layer. Th e furth er ^ adhere to the pusti^out^beswe, 

via the media for forming a coating. In this way, the formation of a coating on the surface of the material to be coated 
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proceeds. Inlhe ess© That "the adhesive cannot be pushed out from the coating particle layer even when the coating 
particle layer is struck by the media for forming a coating, the formation of a coating is finished. 
[0036] According to the method for forming a coating, the coating particles adhere to the material to be coated due 
to the adhesiveness of the adhesive and by an impad force of the media for forming the coating; therefore, the coaling 
5 particles are in plural layers and simultaneously are densely filled in the coating particle layer. Therefore, the method 
tor forming a coating has the effect that the thickness of the coating particle layer can be controlled by controlling the 
viscosity, -adhesiveness, and the thickness ol the adhesive layer. 

[0037] Moreover, the coating particle layer can be formed by adding the coating particles in the container 1 , vibrating 
the coating particles so as that the coating particles flow, and dipping the material to be coated -and formed the -adhesive 

to layer into the container. 

[0038] The coaling particles themselves work as the media for forming a coating in this method not using the media 
for forming a coating. The impact force generated from the vibration transmits to the coaling particles. Thereby the 
coating particle layer can be formed by firmly attaching the coating particles to or absorbing the coating particles into 
the adhesive layer formed on the surface of the material to be coated. The adhering of the coating particles to the 

75 material proceeds as m the above f GHrnafton method . when the c-QfAng pPrtiete Jay er is -struck by the coaftng particles 
[0039] According to this method, when the powder coatings having low fluidity (that is, large cohesion) are used, the 
coating particles easily cohere to each other forming lumps on the material to be coated, and thereby a smoothness 
of the surface of the obtained coaling eas/Hy becomes^ow. Therefore, h is-preferaWe to^seT^der : coat^gtt?yir!g a 
fluidity 0.40 or more in this method. Fluidity denotes the ratio between a bulk specific gravity and a true specific gravity 

20 (bulk specific gravity / true specific gravity). When the fluidity is larger, the cohesion only generated. 

[0040] I n order to conif-o! She tohfty -of the powder coatings 0,40 or more., the flowing mejftpd can. be given: 

t. A volume average particle diameter of the coating particles is increased. It is preferable to restrict the average 
volume particle diameter of the coating particles 30 Jim or less because of the following reasons. 
-25 2, The^atio o1f»e«oaJ|ng^rtides^rwing a smati -diameter is having 

a small diameter using a classifier. 

3. The shape of the powder coatings is made globular. 

Regarding the method 3, more detailed explanation will be below: 

30 3-1 The shape of the resin particles obtained by dry mixing a raw material, melting and kneading using a 

kneader, -and ^shlng using -a ^rusher is 4rregutar, The irregular shape can be changed to a globular are by 
adding an external force such as heat, impact force, etc.. If necessary, it is possible to treat a shape of the 
particles containing a curing agent so as make them globular. However, when the resin particles and the curing 
agent particles are s^nuftaneojsty treated, they are crossiinketf -therefore & is prefeattfe to ^drvdjalty' tr-eat 

35 them, and individually dry mix them. 

3-2 The coating particles in a gbbular shape can be obtained alone in a spray drying method, and a polym- 
erizing method. 

4. The surface of the coating particles are improved by making a material adhere which can provide fluidity for 
40 example, an inorganic grain such as silica grain, alumina grain . etc.; a crosslinked resin grain such as methyl 

methacryJate, etc. ; a . metallic soap such as -zinc stearate. etc. . 

[0041] The fluidity of the coating particles can be improved by these method alone, or combined together. 

[0042] The bulk specific gravity is the value measured as stipulated in JIS K 5101 .20.1, Still Standing method, and 

4S the true -specific gravity is -the -value :measured-as s^iputeted in JIS K 0061 ,5.2, The pycnometer method. 

[0043] In this method for forming a coating without using the media for forming a coating, the coating particles adhere 
in the same process as the aforementioned method for forming a coating using the media Therefore, the coating 
paroles -are m pfcira layers and simultaneously -are -densely filled m the coatmg particle layer Therefore, this -method 
for forming a coating has the effect that the thickness of the coating particle layer can be controlled by controlling the 

so viscosity, adhesiveness, and the thickness of the adhesive layer. 

f0044] The cured ^coating :can -be -ob tamed -by making the powder coatings adhere to the material to be coated in 
these methods, heating at a certain temperature 1or certain periods, thereby crosslinking the functional group of the 
thermosetting resin with the functional group of the curing agent. 

[0045] The "certain ternperet-ure" and the -certain ^enods" are suitably tetemsined toy f*e raw ira&teriaJ •compireing 
ss the coating particles, and the adhesive, and the material to be coated. In the present method for forming a coating, it 
is preferable that ihe certain temperature is in a range of 70 to 1 20°C, and the certain periods are in 10 to 1 20 minutes, 
•mope preferable that the certain temperature is in -a ; farrge of 70 to «T0O B C, and the certain ^periods are 'in SO to 120 
minutes. 


S 


EP 0 899 024 A2 


[OMS] A powder coating of the present invention-will- be explained below. 

[0047] The powder coatings of the present invention are thermosetting powder coatings and comprise a resin particle 
containing a thermosetting resin, and a particle containing a curing agent. 

[0048] A we)) known thermosetting resin commonly used in the f>ow6er coatings such as epoxy res'ins, acrylic- resins, 
5 pheno! resins, polyester resins, etc. are used as the thermosetting resin. These thermosetting resins can be used 
alone, or combined together with two or more kinds. In particular, a thermosetting resin having an epoxy group (that 
is, -gtycidyl -group), "such as epoxy Tesins, acrylic Tes'rns, etc. are preferable, because these thermosetting "resins have 
excellent reactivity toa curing agent comprising the curing particles even at tow temperature, for example, 1 2CPC or less. 
[0049] A well known latent curing agent such as dicyandiamide, imidazolines, hydrazines, acid anhydrides, blocked 
io isocyanates, and dibasic acids can be added to the resin particles as a curing promoter. The latent curing agent is 
stable at room temperature, and crosslinks with a thermosetting resin in a range of 1 40 to 200°C. Therefore, when the 
latent ouring agent is comprised. of the resrn partides, the pot life of the powder coalings is never shortened. Simulta- 
neously, when the resin particles are formed by melting and kneading, a cross linking react ton does not occur in a 
kneader. Therefore, the aforementioned problems such as a deterioration of a productivity of a smoothness of a coating, 
is etc. does notarise. 

[0050] If necessary, it is possible to add an additive or a function material to the resin particles, such as a filler such 
as calcium carbonate, barium sulfate, talc; a thickener such as silica, alumina, aluminum hydroxide; a pigment such 
as -titanium-oxtde -carbon ^black, iron : oxide, -cogger ph^ajGGyanine ; azo pigments, -condensed polyeyclic pigments; ,a 
flowing agent such as silicone, acrylic oligomer such as butyl polyacrylate; a foam inhibitor such as benzoin; an accel- 
20 eraiing agent such as zinc compounds; a wax such as potyolefine; a coupling agent such as silane coupling; an anti- 
oxidant;; a magnetic powder, a rr*staj powder; a™ am«roo?o^. agent; ete v . 

[0051] The particles comprising a curing agent according to the present invention comprise a well known solid curing 
agent commonly used for powder coatings such as dicyandiamides, imidazols, imidazolines, hydrazines, acid anhy- 
-drides,<cH basic -acids, potyisocyanatee, 4etfamethoxymethyJ «g»ycol and-the dike. T&ese wet! known -solid -curing agents 
25 can be used alone or combined together with two or more kinds. In particular, when the resin particles comprise a 
thermosetting resin having epoxy group, it is preferable to use the curing agent curing at low temperature, for example, 
1.20*0 or less, such;as 4rr«da : zojes ; ej?qxyfe^in^ 

amines, and epoxy resins. Because the functional group of the thermosetting resin and the functional group of the 
curing agent can rapidly crosslink, and the obtained powder coatings can be cured at low temperature. 

30 f??5?] \9 f$ : ^§iT> i f?articfes l ^^additfves can be-added <tg fte ■cvfrtg ^rtides s if f?e^essary 

[0053] It is preferable that a fiow-sottening temperature of the powder coatings of the present invention is in a range 
of 60 to 110°C. When the flow-softening temperature is less than 60°C, a caking easily occurs, and the storage prop- 
erties ^ejpeof wopstem. W*sn 4tee fJosar^ftemng tern^>erai43Te ns more than 110°C : a flowing !pnop@!% of the f^owder 
coatings healed at lower temperature, specifically approximately 120°C or less, is insufficient. Therefore, surface ir- 

35 regularities of the coating after heating become large, and a smoothness thereof deteriorates. 

f0854J 'Mo^ever^n the^fefent-S^ifH^ion, ^<?^&ftem^ the ^pejature -measured -under 

the following conditions: 

Using flow-tester: martesed [ &y Stomas -Ss^akujyo Go. Ltd. 
40 trade name threof is CFT-500 

Plunger size area: 1 .000 cm 2 

Oie-s^^meler: 0.99 mm 
length. 1.00 mm 

Load: 20 kgF 
^5 prograrrrmrng -rate: 6,0° 0/ m in 

[0055] In addition, it is preferable that the powder coatings of the present invention are the aforementioned low 
temperature curing type. "Low temperature curing type powder coatings" means that the powder coatings in which the 
thermosetting resin and the curing agent are crossi^ked at aj^oKimajtely 12p°G or less. More specificatiy, the tew 
50 temperature curing type powder coatings are put into a differential scanning calorimeter (DSC) under the conditions 
wherein a programming rate is 10°C/ min, an exothermal reaction is found to occur al 110°C, and an exoergic peak is 
140°-Gor less. 

[0056] For example, the powder coatings of the present invention can be obtained by sufficiently dry blending a 
composition for forming the resin particle using a mixer or a blender; melting and kneading using a kneader, and cooling. 
55 Then, the obtained copied ^teriaj are coarse^ crushed using a mechawcal type cjHJsher or an -aerial ciirrertt type 
crusher. The curing particles are added to the coarsely crushed particles, and sufficiently dry mixed using a mixer or 
a blender. The powder coatings can be obtained by coarsely crushing the mixed material using a mechanical type 
^crusher or-an =aef jal -current tfyoe ^crusher, ^and idassfying. 
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[0057] In addition, the curing particles can also be added by individually crushing the materials in pieces so as to 
obtain the resin particles and the curing particles, and sufficiently dry mixing the obtained resin particles and the curing 
particles using a mixer or a blender. 

[0058] Moreover, the resin particles can be obtained by a spray dry method, and a polymerizing method. 
[0059] it is preferable that a volume average particle diameter of the coating particles of the present invention is 30 
u.m or less. When the volume average particle diameter is more than 30 um the f unctbnal group of the thermosetting 
TBsmuumpjisin-g ItiBTTfefiBTiit^inpcriticlBs in treating -step earfrrot make -sufficient "contact -with thelunctioiral group of 
the curing agent comprising the curing particies; therefore, these functional groups cannot be sufficiently crossiinked. 
Consequently, the crosslinking density is insufficient, and the mechanical strength and me anti-solvent properties of 
the cured coating obtained after heat treatment decrease. In addition, when the volume average particle diameter is 
30 jam or more, the surface irregularities of the coating particle layer formed on the material to be coated are larger; 
therefore, ;the.:smoothness,;of -the :cured -coating obtained after heat treatment decreases. In -particular, the .volume 
average particle diameter of the coating particles of the present invention more preferably is 20 u/n or less : and most 
preferably is 1 0 ^im or less. 

[0060] Regarding the particle diameter distnbi&on of #»e ••coahng particles of the present ^nuer&oa it is pref erable 
that the ratio of the particles having a large volume particie diameter is small, for the same reasons as above! The 
volume 90 % particle diameter is preferably 45 pjn or less, more preferably 40 \im or less, most preferably 35 um or 
'tess . ^e^Tticiediameter^and th e^aeidediameteT distri bution ; can be measu red using & -lasepdtfractioniparticl e. s ize 
distribution analyzer 

[0061 ] Moreover, in order to improve the flowing properties and the storage properties of the powder coatings of the 
present 4nyemion, and-totmprov* the dislr&uuon between therein particles md .^.curing particJes r^ thedryTrmcrig 
step, a plasticizer or a flowing agent can be added, such as an inorganic fine particle such as silica fine particles, 
alumina Fine particles, titanium dioxide fine particles; a fine particle comprising a crossiinked resin such as methyl 
methacn/late; -a metallic -soap -such as zinc stearate, lithium -laurate, and the like. 

[0062] The plasticizer can be made to adhere to the powder coatings of the present invention by sufficiently dry 
mixing the powder coatings and the plasticizer using a blender or a mixer. In this case, "adhere" means that not only 
testates in which the.ptastidzer issjrni^ajKaj^^ which 
the plasticizer particles are adsorbed into the powder coatings. 

[0063] Moreover, an additives can be added to the powder coatings ol the present invention by dry mixing. Examples 
•oHhe-aodnrv^ 

stainless powder; a pigment such as titanium oxide, carbon black, iron oxide, copper phthalocyanine, azo pigments, 
condensed polycyc&c pigments; a curing catalyst such as tin compounds; a particle comprised of a thermosetting resin 
such as j^y^mide resin, poly^ethane resin; an-anit^ complexes; an antioxidant; an. ul- 

traviolet ray absorbent agent; and the like. 

[0064] Trie powder coatings obtained in the above methods of the present invention comprise the resin particles 
: 99Tnprising -a foermosetting resin, and. the -particles -containing a ^curing -agent. When the powder coatings -are in a 
powder state, that is a solid state, the possibility of making contact between the thermosetting resin and the curing 
agent is very small. Therefore, though the powder coatings belong to a powder coating which cures at low temperature, 
their storage propertres such as a pot life do not worsen , and. the-producftv^ty thereof is excellent 


DETAILED DESCRIPTION OF THE PREFERRED EXAMPLES 
Example 1 

45 1 . Formation of. the powder coatings. 
[0065] 


50 


SB 


epoxy resin 

94.5 weight % 

(marketed by Tohto Kasei Co. Ltd.; trade name: YD-012) 


flowing agent (butyl polyacrylate) 

1.0 weight % 

antifoaming agent (benzoin) 

0.5 weight % 

pigment (carbon black) 

4.0 weigh t% 


[0066] The mixture of the above-described composition was mixed by the SUPER MIXER, melted and kneaded at 
110°C by a kneader, cooled, and then coarsely crushed by a mechanical crusher to be approximately 1 to 3 mm of a 
panicle diameter. The obtained particles and the curing agent which cure at low temperature (imidazole; marketed by 
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Shikoku Kasei Co., Ltd.; trade name: C 17 2) were dry mixed at weight ratio of 93 : 7 using a mixer. Then, the obtained 
mixture was crushed using an aerial current type crusher so as to obtain fine particles. The powder coatings A were 
obtained by removing the particles having a larger diameter using an aerial current type classifier. 
[0067] The obtained powder coatings A had an exothermal reaction occuring at 110?C, an exoergic peak at 12t°C, 
5 a flow-softening temperature at 74°C, an average volume particle diameter of 8 fim, and a volume 90% particle diameter 
of 1 6 um 

2. The material to be coated ' 

70 [0068] The materials A and B to be coated were used. 

[0069] The material A to be coated was obtained by making the adhesive sheet (marketed by Rintex Co., Ltd.; trade 
name: Adwill C) adhere onto the back face of the polyimide film (marketed by Ube Kosan Co. Ltd.; trade name: Upilex,; 
thickness: 1 25 u/n), and cut to a 50 mm x 50 mm size, The material B to be coated was obtained by cutting an \Tqr\ 
plate treated with zinc sulfate (marketed by Nippon Panel Co., Ltd. ; trade name: PB-1 37M) to a 70 mm x 50 mm size. 

75 

. 3. -Cleaning the -material to -be coated and format ion of the adhesive layer 

[0070] The adhesive was obtained by mixing epoxy resin in a liquid state (marketed by Tohto Kasei Co. Ltd.; trade 
name: YD-128) and the curing agent (imidazole; marketed by Shikoku Kasei Co., Ltd.; trade name: C r Z) at weight 
20 ratio of 95 : 5 : and aftyiircg with ■aoetorte to 5 % , 

[0071] The adhesive layers were formed on the materials A and B to be coated by dipping the materials A and B to 
be coated into the obtained adhesive (the material to be coated was simultaneously cleaned) and drying using a hot 
air from a dryer for 30 seconds. 

25 4. Coating apparatus 

[0072] -The coating -apparatus haying a same -s^ic-we as -shown in Figure 1 was used. Moreover, the vofeme -of 
container 1 is 2.8 liter, and the depth thereof is 150 mm. 

30 5. Formation -of -a -coating 

[0073] 1200 cc of the impact medium having a diameter of 1 .0 mm and which were obtained by coating ceramics 
globe having a diameter of 0.8 mm with urethane rubber, and 30 g of the obtained powder coatings A were put into 
the-coota iner 1 Tften. toe--Gortj&ne r 1 was vibrated <a • 5 Gwwtes : tr^rebyfepwG^-^ 

35 were uniformly mixed. After that, the formation of a coating was carried out by feeding the material A to be coated into 
the container 1, and vibrating the container 1 for 90 seconds. Then, the material A was taken out from the container 
1 , -heated for SO Tninutes^-80°-C in a : d/y er -and thereby the cured •<c©atrr*g was ^obtained The Tnatena! A 4tet formed 
the cured coating on one surlace thereof of the present example was obtained by cooling down the material to be 
coated to room temperature, the adhesive sheet was peeled from the back surface of the material. 

40 [0074] Moreover, .the roa^eris! B formed the cured coa&ng on one surface thereof was 5trr*Har4y obtained 

Example 2 

1 , formation of the powder -coatings 

45 

[0075] 


epoxy resin 

94.5 weight % 

(marketed by Tohto Kasei Co. Ltd.; trade name: ST-5080) 


[towing agenl (butyl potyacrylate) 

1 .0 weighl % 

antifoaming agent (benzoin) 

0.5 weight % 

pigment (carbon black) 

4.0 weigh t% 


[0076] The mixture of the above-described composition was mixed by the SUPER MIXER, melted and kneaded at 
1T0°C by a kneader, cooled, and then coarsely crushed by a mechanical crusher to be approximately 1 to*3 mm of a 
particle diameter, and the particles having a smaller diameter and the particles having a larger diameter were removed 
using an aerial current type classifier. The obtained particles and the curing agent which cure at low temperature having 
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an average volume particle diameter of 3 \xrc\ (epoxy resin amine addict type curing agents; marketed by -Shikoku 
Kasei Co., Ltd.; trade name: Cureduct P-0505) were dry mixed at weight ratio of 80 : 20 using a mixer. Then, 100 
weight parts ol the obtained mixture and 0.3 weight parts of silica fine particles (marketed by Nippon Airozil Co., Ltd.; 
trade name: Aerozil 200) were sufficiently dry mixed using a mixer, thereby the powder coatings 6 was obtained. 
5 [0077] The obtained powder coatings B had an exothermal reaction at t10°C, an exoergic peak at 119°C, a flow- 
softening temperature at 80° C, an average volume particle diameter of 23 pirn, a fluidity of 0.42, and a volume 90 % 
particle diameter of 35 um 

2. The material to be coated 

10 

[0078] The materials A and B to be coated were the same as used in Example 1 . 

3. Cleaning the material to be coated and formation of the adhesive layer 

15 [0079] The cleaning the material to be coated and formation of the atfriesrye layer weft carried qui in the same way 
as in Example 1, except that epoxy resin in a liquid state (marketed by Tohto Kasei Co. Ltd.; trade name: ST-3000) 
was used instead of epoxy resin in a liquid state (marketed by Tohto Kasei Co. Ltd.: trade name: YD-128}. 

4. Coating apparatus 

20 

[0080] The coating apparatus was the same as used in Example 1 , 

5. Formation of a coating 

25 .[0081] 800 g of the obtained powder coatings B were put into the container t , and the material A to be coated was 
input into the container 1 . The coating was formed by vibrating the container 1 1or 90 seconds. After that, the material 
A to be coated was taken out from the container 1 , and was heated for 30 minutes at 1 CXPC in a dryer, and thereby 
the cured coating was oUa{ned. Tte-fjsajse/isj A formed foe cured ooatirvg on one surface of the present exanple was 
obtained by cooling down the material to be coated to room temperature and the adhesive sheet was peeled from the 

30 back surface of the material. 

f0082] tooreove r, the mat enaj B formed the cured coating on one surface was similarly obtained 

Comparative Example 1 

as -J . Formation of the powder coatings 


[0083] 



epoxy resin 

89.5 weight % 

40 

(marketed by Tohto Kasei Co. Ltd.; trade name: YD-012) 



curing agent 

5.0 weight % 


(imidazole; marketed by Shikoku Kasei Co., Ltd.; tradename: C^Z) 



flowing agent (butyl polyacryiate) 

1.0 weight % 

4S 

antifoaming agent (benzoin) 

0.5 weight % 


pigment (carbon black) 

4.0 weigh t% 


[0084] The mixture of the above-described composition was mixed by the SUPER MIXER, melted and kneaded at 
110°C by a kneader cooled, and then coarsely crushed by a mechanical crusher to an approximately 1 to 3 mm particle 
so diameter. The obtained particles were further crushed using an aerial current type crusher. The powder coatings C 
were obtained by removing the particles having a larger diameter using an aerial current type classifier. 
[0085] The obtained powder coatings C had an exothermal reaction at 1t0°C, an exoergic peak at 118°C, a flow- 
softening temperature at 98°C, and an average volume particle diameter of 1 5 jjEm, 

[0086] In forming the powder coatings, the kneading of the thermosetting resin and the curing agent started under 
55 the condition of the amount discharged is 20 kg/ hr. However, the cured material comprising the thermosetting resin 
-arrd 4he -eortog -ager^aetoefed *e the groove termed in the kneader shaft. Then, :the •majer-ials for -^wder coatings are 
slightly stirred by the kneader, and the amount discharged was decreased to 11 kg/ hr. in addition, it required a great 
deal of labor to remove the cured material from the groove and clean up after kneading. When the powder coatings 
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curing at low Temperature were obtained by this method, the productivity thereof was low. Therefore, the industrial 
large-scale production of the powder coatings curing at low temperature in this methods is impossible. 

2. The material to be coaled 

5 

[0087] The materials A and B to be coated were the same as used in Example 1 . 

3. Cleaning the material to be coated and formation of the adhesive layer 

10 [0088] The cleaning the materials A and B to tse c-oated and formation of the adhesive layer was carney -out m the 
same way as in Example 1 

4. Coating apparatus 

15 [0089] The coating apparatus was the same as used in Example 1 . 

5. Formation of a coating 

[0090] The formation of a coating was carried out using the materials A and B in the same way as in Example 1 . 
20 [0091] The flow-softening temperature 1 the average volume particle diameter, the storage properties, and the pro- 
^^^'frV -Pt .the .obtain^cl powder pa r ticles Alp C were measured in accordance with the following methods. 

Flow-softening temperature 

25 [0O9£j The f\&N-sq^emi}s tempeiBtyr e was measured using a Ftow Tester (majrfcejed by -^imazu Seisa^ujyo Go. 
Ltd.; trade name: CFT-500) under the aforementioned conditions. 

-Average volume particle diameter 

30 [0093] The average volume particle diameter was measured using a laser diffraction particle size distribution ana- 
lyzer. 

Storage properties 

35 . Anti-bioc king properties 

[0094] 50 g of the obtained powder coatings were put into a polyethylene vessel having 200 cc capacity, and the 
■ vessel was put into a thermostat controlled chamber at a temperature of 30^, a humidity of 60 RH, and maintained 
under these conditions tor 30 days. After the vessel was mainlined at room temperature for 3 hours, the powder 
40 coatings were taken out the vessel, and the degree of a blocking was evaluated by visual inspection and touch? 
[0055] The evaluation degrees are as follows: 

O indicates that the blocking was not confirmed, and 
x indicates that the blocking was confirmed. 

4S 

Pot life 

[0096] The periods of a gel time were measured. 
[0097] The evaluation degrees are as follows: 

so 

O indicates that the gel time is 50 % or more against the gel time before a teave, and 

X indicates that the gel time is less than 50 % or more against the gel time before a leave. 

t?9??] "M? r ??V e T. !h§ "gel time" was the periods messy re by adding a proper guantjty of the obtained powder coatings 
5S into the sample cell in which the temperature 'was 

[0099] kept at 100°C, using a gelation tester (marketed by Nisshin Kagaku Co. Ltd.), confirming whether or not the. 
powder coatings were in a gel state at 1 minute intervals using a needle, The gel time is the time wrten the melt coating 
particles no longer Irom ribbons when drawn. 
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Productivity 

[01 00] The amount dischargeds at the starting of melting and kneading and after 30 minutes were measured. 
[01 01] The evaluation degrees are as follows: 

5 

O indicates that the decrease of the amount discharged was not confirmed, and 
x indicates that the "decTBase of the amount discharged was confirmed. 

[0102] In addition, the coating thickness, the smoothness, the mechanical strength, and the anti-sorvent property' 
70 regarding the obtained cured coating were evaluated in accordance with the following methods. 

[0103] Moreover, when the coating thickness, and the smoothness were measured, the material A formed the cured 
the coating on one surface thereof was used. When the mechanical strength, and the anti-solvent property were meas- 
ured; the material B formed the cured the coating on one surface thereof was used. 

75 The coating thickness 

[0104] The coating thickness was measured at 5 points per 1 coating using a micrometer The average value of the 
5 values was defined as the coating thickness. 

20 Smoothness 

[0105] The smoothness of the obtained cured coatings was evaluated by visual inspection 
[0106] The evaluation degrees are as follows: 

25 o indicates that the cured coatings have a sufficient smoothness, and 

X indicates that the existence of defects such as an orange peel and irregularities were confirmed. 

Mechanical strength 

30 [0107] The elasticity was evaluated in accordance with JIS K 5400.6.15. 
[0108] The evaluation degrees are as follows: 

O indicates that the crack does not occur when the obtained cured coating was bent using a stick having a diameter 
of 4 mm, and 

35 x indicates that the crack occurs when the obtained cured coating was fesnt usirvgB L stick ttayro a dfemeter ol 4 mrn. 

Anti-sorvent property 

[0109] The/surface of ^'Oto|n^'c^ed'oq^jn9'wa§ rubbed -back ancj forth 50 times using a cloth permeated xylol 
40 at 300 g / cm 2 . After that, the existences of defects such as color change, cracks, expanding, and swelling were con- 
firmed. 

[01 1 0] The evaluation degrees, are as follows : 

O indicates that a defect was not confirmed, and 
45 x indicates that a defect was confirmed. 

The results o1 these tests are shown in Table f below. 

[0111] 

so 

Table 1 



Example 1 

Example 2 

Comparative Example 1 

The obtained powder coatings 

A 

B 

C 

Flow-softening temperature (°C) 

73 

80 

98 

Average volume particle diameter (u,m) 

8 

23 

15 
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Table 1 (continued) 



Example 1 

Example 2 

Comparative Example 1 

Anti-blocking properties 

O 

O 

O 

Pot life 

0 

0 

X 

Productivity 

O 

o 

X 

Coating thickness (urn) 

28 

34 

29 * 

Smoothness 

O 

0 

X 

Mechanical strength 

0 

0 

0 

Anti -solvent property 

O 

o 

o 


[0112] As shown in Table 1 , the powder coatings A and B have excellent storage properties and product ivity; however, 
the pot life and the productivity of the powder coating C were inferior. 

[0113] The cured coatings obtained in Examples 1 and 2 have excellent smoothness, mechanical strength, and anti- 
solvent property; however, the smoothness of the cured coating obtained in Comparative Example 1 was inferior. 

Claims 

1. A powder coating used for a method tor forming a coating comprising the steps of making the powder coating 
adhere to an adhesive layer previously formed on the surface of a material to be coaled, and then heating, thereby 
forming a coating, comprising a resin particle containing a thermosetting resin, and a particle containing a curing 
agent. 

2. A powder coating according to claim 1 , wherein a flow-softening temperature is in a range of 60 to 110° C, and the 
powder coating is a powder coating low temperature curing type. 

3. A powder coating according to claim 1 , wherein an average volume particle diameter is 30 um or less. 

4. A powder coating according to claim 3 : wherein an average voiurre particle diameter is 20 -jam or less 

5. A powder coating according to claim 1 , wherein an average volume particle diameter is 10 um or less. 

$. -A^owo^Tsgatmoj : accordinu, to ctann 1 , : wherein the. oartfcJes^p^anirFg a^uring -agent are made to adhere to the 
thermosetting resin, via a adhesive layer. 

7. A powder coafcng according to claim 6. whet-em the particles -contarang a currvg agen? are made to adhere to tf*»e 
thermosetting resin so as to make a plurality of layers. 

8. A -powde r coating -according to claim 1 , ^wherein -a fluidity -of th e 'powder coatin gs is 0. 40 or more . 

9. A powder coating according to claim 1 , where in a volume 90 % particle diameter is less than 45 um. 
1 0- A powder coaling according tG claim 1 : wherein the material to be coated is made of -a plastic 

11. A powder coating according to claim 1, wherein the material to be coated is made of an insulating material. 

12 A method for lonmng a coating comprising the steps -of makmg the powder coating comprised of resin particles 
containing thermosetting resin and particles containing a curing agent adhere to an adhesive layer previously 
formed on the surface of a material to be coated, and heating it. 

13. A method for forming a coating according to claim 12, wherein the powder coatings adhere to the adhesive layer 
by a vibration. . 

14. A method for forming a coating according to claim 12, wherein the powder coatings adhere to the adhesive layer 
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using an impact medium. 

15. A method for forming a coating according to claim 14, wherein the powder coatings adhere to the adhesive layer 
by striking the adhesive layer with the impact media. 

5 

16. A method for forming a coating according to claim 1 2, wherein the adhesive layer is formed by melting the surface 
of the material fo be coated. 

17. A method for forming a coating according to claim 12, wherein the heating treatment is proceeded at 70 to 12CPC 
io for 10 to 120 minutes, 

18. A method for forming a coaling according to claim 17, wherein the heating treatment proceeds at 70 to 100°C for 
30 to 120 minutes. 

75 


20 


25 


30 


35 


45 


50 
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